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METHOD FOR ANCHORING A LINEAR
INDUCTION GENERATOR TO LIVING
TISSUE FOR RFID SIGNAL TRANSMISSION

PRIORITY

This application claims the benefit of provisional patent

applications 61/894,893, filed Oct. 23, 2013 and 61/901,649
filed Nov. 8, 2013 by the same imnventor.

BACKGROUND

REID Systems

Radio frequency identification (“RFID”) tags may be
manufactured as passive, active, or battery assisted passive
(“BAP”) devices. Active tags have on-board batteries and
periodically transmit their ID signals without mterrogation,
whereas a battery-assisted passive device may have a small
battery on board and 1s activated when interrogated by an
RFID reader. Conventionally passive tags are less expensive
and smaller because there 1s no battery.

In conventional systems passive RFID must be interro-
gated (or illuminated) with a power level roughly three mag-
nitudes stronger than the desired output signal to initiate
operation of the device. The strength of the desired output
signal 1s important for managing interference in certain envi-
ronments; therefore battery assistance may be crucial 1n cer-
tain applications.

For specific identification purposes, the tags may either be
read-only, have a factory-assigned serial number, or they may
be read/write, where a unique 1D may be written into the tag
by a user. Field programmable tags may have the ability to be
written to once and then read multiple times.

RFID tag systems conventionally contain at least two parts:
an integrated circuit for processing a radio-frequency (RF)
signal and an antenna for receiving and transmitting the sig-
nal. In operation an RFID reader transmits an encoded radio
signal to interrogate the tag. The RFID tag receives the mes-
sage and then responds with its identification and other infor-
mation. The responses range from simply a unique tag serial
number to product-related information such as a stock num-
ber, lot or batch number, production date, or other specific
information.

RFID tag systems may operate in a wide RF range, with
several designated frequency ranges set aside for RFID
operation across the radio spectrum. For example and without
limitation, RFID tags for tracking animals often operate 1n the
120-150 KHz range while microwave versions of RFID sys-
tems can be found in WLAN or Bluetooth operations.
Power Generation

Mechanical energy 1s manifested 1n the bodies of humans
and animals as a result of their physical processes. Such
physical processes include both voluntary and involuntary
muscle movements. It 1s sometimes desirable to convert
mechanical energy to electrical energy. An example 1s the
conversion of kinetic energy into electrical energy as the
kinetic energy of a mass moves 1n a magnetic field relative to
a conductive coil thereby converting the kinetic energy of the
mass to electrical energy by through electromagnetic induc-
tion. A magnet moving axially through the center of a coi1l will
induce a voltage across the coil terminals. The voltage 1s
induced because it 1s the result of the changing magnetic flux
on the coil.

One conventional application of this 1s 1n shaker flash-
lights, where the flashlight 1s vigorously shaken back and
forth, causing a magnet to move through a multi-turn coil,
which provides charge to a battery. The exact amount of
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2

power derived from this system will depend on the character-
istics of the co1l and magnet and together with the amount of
motion induced onto the system.

SUMMARY

Disclosed herein are systems and methods for an implant-

able device comprising a ferromagnetic mass at least partially
disposed 1n a coil, said coil formed of electrically conducting
material and having a two leads, a resonator circuit coupled to
said leads and operable to resonate on application of energy
from said leads, an antenna coupled to said resonator circuit,
wherein when either the ferromagnetic mass or the coil
moves, power 1s supplied to the resonator circuit. In certain
embodiments the device further includes a modulator
coupled to said resonator circuit and operable to modulate the
output of the resonator circuit where either the ferromagnetic
mass or the coil 1s disposed 1n an animal such as a human.
some embodiments allow for disposing multiple devices 1n an
amimal for characterizing different animal motions.

The construction and method of operation of the invention,
however, together with additional objectives and advantages
thereof will be best understood from the following descrip-
tion of specific embodiments when read 1n connection with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an electronic equivalent schematic circuit for
an active RFID circuit.

FI1G. 2 shows a functional block diagram 1llustrating modu-
lation of an RFID signal that may be employed in certain
embodiments according to the current disclosure.

FIG. 3 shows an embodiment of certain aspects of an
implantable RFID tag.

DESCRIPTION

Generality of Invention

This application should be read i the most general pos-
sible form. This includes, without limitation, the following:

References to specific techniques include alternative and
more general techniques, especially when discussing aspects
of the invention, or how the invention might be made or used.

References to “preferred” techmques generally mean that
the mventor contemplates using those techniques, and thinks
they are best for the intended application. This does not
exclude other techniques for the invention, and does not mean
that those techniques are necessarily essential or would be
preferred 1n all circumstances.

References to contemplated causes and eflects for some
implementations do not preclude other causes or effects that
might occur 1n other implementations.

References to reasons for using particular techmques do
not preclude other reasons or techniques, even if completely
contrary, where circumstances would indicate that the stated
reasons or techniques are not as applicable.

Furthermore, the mvention 1s in no way limited to the
specifics of any particular embodiments and examples dis-
closed herein. Many other varnations are possible which
remain within the content, scope and spirit of the mvention,
and these variations would become clear to those skilled 1n
the art after perusal of this application.

Lexicography

As used 1n this disclosure, “electromagnetically active™
refers to a mass that 1s capable of affecting a magnetic field.
Electromagnetically active components include, but are not
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limited to, permanent magnets, electromagnets, inductors,
and materials having magnetic permeability. Magnetic mate-

rials may include nickel-iron alloys with a percentage of one
or more of silicon, molybdenum, or copper.

DETAILED DESCRIPTION

Specific examples of components and arrangements are
described below to simplify the present disclosure. These are,
of course, merely examples and are not intended to be limat-
ing. In addition, the present disclosure may repeat reference
numerals and/or letters 1n the various examples. This repeti-
tion 1s for the purpose of simplicity and clarity and does not in
itseltf dictate a relationship between the various embodiments
and/or configurations discussed.

System Elements
Equivalent Circuit Diagram

FIG. 1 shows an electronic equivalent circuit for an active
RFID circuit. The basic Active RFID tag equivalent circuit
includes a capacitor (C1), resistor (R), and inductance (L) 1n
parallel with power supply (Vs). The power supply Vs may be
either alternating current or direct current and contain a para-
sitic resistance (Rs). By way of example only, the voltage
source and parasitic resistance are depicted parallel to all
other active RFID tag elements. The inductance L. may be
from an RFID antenna circuit. The inductance L. capacitance
C and resistance R may be dependent on the specified oper-
ating frequency. Different elements including the inductance
L, when formed as part of an antenna circuit, may comprise
one or more relatively thin traces of conductive material
ctched or otherwise disposed on a surface. In some embodi-
ments the surface may be a flexible substrate.

References 1n the specification to “one embodiment”, “an
embodiment”, “an example embodiment”, etc., indicate that
the embodiment described may include a particular feature,
structure or characteristic, but every embodiment may not
necessarily include the particular feature, structure or char-
acteristic. Moreover, such phrases are not necessarily refer-
ring to the same embodiment. Further, when a particular
feature, structure or characteristic 1s described 1n connection
with an embodiment, 1t 1s submitted that 1t 1s within the
knowledge of one of ordinary skill in the art to effect such
feature, structure or characteristic 1n connection with other
embodiments whether or not explicitly described. Parts of the
description are presented using terminology commonly
employed by those of ordinary skill in the art to convey the
substance of their work to others of ordinary skill in the art.
Modulation

FIG. 2A shows a functional block diagram illustrating
modulation of an RFID signal that may be employed 1n cer-
tain embodiments according to the current disclosure. Com-
munication between areader and an RFID tag may be through
a mechanism called load modulation. A variation of the cur-
rent 1n a tag’s antenna (usually a coil) causes a small current
variation in a reader’s antenna due to mutual inductance
between the two, and the variation 1s detected by the reader.
The modulator provides for encoding the signal to be trans-
mitted. An amplifier translates the modulator output to the
antenna causing variations in the output signal from the
antenna. These variations are expressed in FI1G. 2B as discrete
changes 1n signal strength. The RFID reader detects the signal
variations and converts the signal to a form suitable for further
processing.

One having skill in the art will recognize that specialized
semiconductor devices are commercially available for pro-
viding the desired modulation. The modulator may be
coupled to other sensors, which may affect the resulting
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modulation. In some embodiments the antenna provides for
dual use in receiving an interrogation signal and providing the
output resulting from that signal to the interrogator.

The tag’s components may be enclosed within plastic,
silicon, Tetlon, glass or other biocompatible material.
Power Source

FIG. 3 shows an embodiment of certain aspects of an
implantable RFID tag. In FIG. 3 power 1s generated using a
form of linear induction generator. A magnet 310 (an electro-
magnetically active mass) 1s disposed inside the space formed
by acoil of wire 312. The coil 312 1s coupled to a rectifier 314
for producing a direct current which 1n turn 1s supplied to
RFID circuitry 318. The magnet 310 1s movable and thus
slides nside the coil 312. In some embodiments springs 316
may be placed 1n a housing such that the magnet 310 1s
returned towards the center of the coil 312. Since a magnet
moving axially through the center of a coil will induce a
voltage across the coil terminals, a voltage 1s induced because
it 1s the result of the changing magnetic flux on the coil. The
exact amount of power derived from this system will depend
on the characteristics of the coil and magnet and together with
the amount of motion induced onto the system.

One having skill 1n the art will be familiar with standard-
1zed rules for designing magnetic induction systems using
wire coils and magnets. These parameters include, but are not
limited to the number of turns of the coil, the radius of the coil,
the rate of movement of a magnet traversing in the center of
the coil, the permeability of the core material and the induc-
tance of the coil.

Some embodiments of an implantable RFID tag may
employ magnetic induction generator coupled to a resonant
circuit and an antenna. Series or parallel elements may be
formed to create the resonant circuit. In operation, the reso-
nant circuit may transmit a signal triggered when the mag-
netic mnduction generator provides sullicient power to cause
the circuit to resonate. Motion of the generator may be inter-
mittent such that an RF signal 1s broadcast only when motion
1s suificient and the RF signal fades after the power i1s no
longer being generated. In some embodiments such as these
the output of the resonator circuit may be un-modulated,
merely reflecting the results of the motion that induced the
voltage. For example and without limitation, embodiments
may not include a rectifier and the magnetic generator may
supply unregulated power to an RC circuit capable of causing
an antenna element to transmit a simple signal in response to
movement of the magnetic generator.

In other embodiments, the magnetic generator comprising,
a biocompatible housing having a longitudinal axis, electri-
cally conductive maternial engaged about at least of portion of
the housing and extending along at least a portion of said
longitudinal axis, an electromagnetically active mass posi-
tioned within said housing, said mass reciprocally movable
along at least a portion of said longitudinal axis, a first spring
having first and second ends, wherein one end 1s engaged with
said housing and one end 1n engaged with said electromag-
netically active mass, a second spring having first and second
ends, wherein one end 1s engaged with said housing and one
end 1s engaged with said electromagnetically active mass (not
shown), and a means to mitigate motion retardation of said
clectromagnetically active mass within the housing may be
clfectuated by constructing the generator to reduce drag on
the motion of the active mass.

It should be noted that the electrical energy generator may
include a combination of two or more of ways of constraining
the non-reciprocating movement of the electromagnetically
active mass within the housing, means for mitigating motion
retardation of the electromagnetically active mass within the
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housing, and at least one spring detlection adjustor. These
may be effectuated by at evacuating at least a portion of the air
within the housing to reduce drag on the electromagnetically
active mass. Accordingly, some embodiments may be her-
metically sealed. Some embodiments may include an electri-
cally conductive material that 1s engaged about at least a
portion of the exterior surface of the housing. Without limi-
tation, the electrically conductive material may be provided in
the form of an induction coil. The induction coi1l may include
an armature, inductor, wire coil, or any other looped electri-
cally conductive material.

One having skill in the art will recognize that power storage
devices such as batteries, capacitors, and the like, may also be
employed to collect and store generated power for use by an
RFID circuit at a later time. For example and without limita-

tion, a capacitor may hold charge until the RFID circuit 1s
interrogated by an RFID reader, and then draw power from

the capacitor for use in responding to the interrogation. Also,

although described as having a moving electromagnetically
active mass, certain embodiments may include a stationary
clectromagnetically active mass coupled to a moving coil or
inductor.

The housing of the device may comprise any suitable struc-
ture, capsule, container, or vessel that 1s capable of engaging
the other components and being compatible with biological
activity. Accordingly, the housing may be constructed of any
biocompatible material that can support the engagement of
device components and that does not interfere with the gen-
eration of mechanical energy or conversion of the mechanical
energy into electrical energy. Without limitation, suitable
material that may be used to construct the housing of the
device may comprise Teflon, titanium and certain biocompat-
ible plastics such as polyether ether ketone (PEEK).

Certain embodiments may include at least one spring
engaging the electromagnetically active mass to the housing.
The springs generally have opposite first and second ends,
and are engaged at one end with the housing and at the other
end with the electromagnetically active mass. A spring 1s any
component which produces a restorative force 1n response to
its displacement.

Animal Motion

In certain embodiments an implantable RFID tag may be
disposed on a portion of a living animal body. In these
embodiments an RFID tag may comprise a power generation
source including a magnetic induction generator coupled to a
resonant circuit and an antenna. For example and without
limitation, the generator may provide power to a resonant
circuit and antenna such that the when the animal body moves
the RFID tag transmits. Further, with the additional of a
modulator, the RFID tag may transmit an encoded message at
a frequency governed by the respondent circuit and antenna.

In operation when the living animal moves there will be an
output from the RFID chip; while at rest, there will be no
output from the RFID chip. Certain parts of a living body
move even though the animal 1s at rest. For example and
without limitation, mvoluntary muscles such as hearts and
lungs may move. Accordingly some embodiments may place
an RFID tag 1n a location such that the RFID tag transmits a
signal 1n response to a heartbeat or breathing.

The motion of the heart surface 1s quasi-periodic 1n nature.
The motion of any particular point of interest on a beating
heart 1s primarily the superposition of two effects: motion due
to the heart beating and motion due to breathing. Each of these
signals closely resembles periodic signals and the transmis-
s1ion from the RFID chip may reflect this motion. For example
and without limitation an RFID tag disposed on a human heart
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6

will transmit this complex signal periodically and may also
reflect the cardiac cycle of the human.

The aorta, the largest artery in the body, 1s almost the
diameter of a conventional garden hose. Moreover, the aorta
flexibility varies with age and any possible disease condi-
tions, and the volume of blood pumped per beat 1s also vari-
able from 1ndividual to individual. The operation of the aorta
has a wide range among a population. Accordingly some
embodiments of an implantable RFID tag as disclosed herein,
when disposed on an amimal heart or aorta will transmit a
signal which is characterized by the underlying muscle move-
ment and information in that transmaitted signal will retlect the
nature of the movement. A strong, healthy person may have
fewer, stronger heartbeats which increase in frequency, but
decrease 1n strength as the person ages.

One having skill in the art will appreciate that several
locations 1 a human body may be used for disposition of an
implantable RFID tag. For example and without limitation
the neck provides for access to the carotid artery, and the groin
allows for access to the femoral artery.

One skilled 1n the art will also appreciate that power sup-
plied by the magnetic generator may be used to power devices
such as pacemakers and other electrically operated implant
devices.

To dispose an implantable RFID tag in an animal may
entail effectuating the RFID tag to be small enough to be
minimally 1nvasive. Installation may be performed endo-
scopically, surgically, or hypodermically depending on the
desired result.

Additionally, the materials comprising the RFID tag would
preferably be biocompatible. In some embodiments, disposi-
tion of the RFID tag may be performed by suturing the RFID
in place. One having skill in the art will recognize that the use
of a linear magnetic induction generator may provide for
position dependent operation. For example and without limi-
tation, an implantable RFID tag could be disposed 1n a human
body so that when a person 1s erect, the magnet 1s drawn
downward by gravity and the generator ceases to produce
power, but when the person 1s prone, the affect of gravity does
not draw down the magnet and animal motion will cause
power production thus creating a signal.

The above illustration provides many different embodi-
ments or embodiments for implementing different features of
the invention. Specific embodiments of components and pro-
cesses are described to help clarily the invention. These are,
of course, merely embodiments and are not intended to limait
the invention from that described in the claims.

Although the invention 1s 1llustrated and described herein
as embodied 1n one or more specific examples, 1t 1s neverthe-
less not intended to be limited to the details shown, since
various modifications and structural changes may be made
therein without departing from the spirit of the invention and
within the scope and range of equivalents of the claims.
Accordingly, it 1s appropriate that the appended claims be
construed broadly and in a manner consistent with the scope
of the invention, as set forth 1n the following claims.

What 1s claimed:

1. A method comprising:

disposing a moveable ferromagnetic mass 1n a biocompat-

ible housing,
wherein the moveable ferromagnetic mass has a linear
axis ol operation;

disposing an inductive loop proximate to the ferromagnetic

mass;

coupling the mnductive loop to a resonator; and,

disposing, using a means of anchoring, the biocompatible

housing on a pulsating tissue,
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wherein the pulsating tissue pulsates 1 a quasi-sinusoi-
dal rhythm,
wherein the linear axis of operation 1s 1n an orientation
substantially parallel to anormal vector of a surface of
the pulsating tissue, 5
wherein the resonator produces an electromagnetic field
substantially proportional to the period and the ampli-
tude of the quasi-sinusoidal rhythm of the pulsating
tissue.
2. The method of claim 1 further including: coupling the 10
resonator to an antenna.
3. The method of claim 1 further including: coupling a
modulator to the resonator.
4. The method of claim 3 wherein the modulator 1s solid-
state. 15
5. The method of claim 1 wherein the housing includes one
or more of Teflon, titanium or polyether ether ketone.

6. The method of claim 1 wherein the pulsating tissue 1s at
least one of erther a heart, or an aorta, or a lung.

7. The method of claim 1 1n which the means of anchoring 20
1s suturing.

8. The method of claim 1 1n which at least a portion of the
biocompatible housing 1s evacuated.

9. The method of claim 1 1n at least a portion of the bio-
compatible housing 1s hermetically sealed. 25
10. The method of claim 1 wherein the pulsating tissue 1s

part of an animal.
11. The method of claim 1 wherein the pulsating tissue 1s

part of a human.
30
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